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A bst.r:ict

‘1’}li,s  ])0])(1’ (!?(17[1?71(!s  kchlliqll<!s fol” a IIlohil(! I’obol

to p(v;fo771L  .Yclj-loc(lliz(itiorl” i7/ 7Lat71rol  ic7rni71 b!] colll-
p(17i7t~/ a  dmt,<c IOILgC  IIL(L1)  coIiIIJvI1.c(l  jIf)TIL SLCI(:(I i7r/-

(l~]f’1”~/ /() [1 7“07t~C 7/10]) 271 (1 k’)lOUl?l f7”(1711C 0/ l’(!fC?’(!71CC.

‘ihC 7(L71{/C 71 L(!]I  2Sj~l’.V~]ll”OCC.$SC(l  to (J{!?  lC1’(Ltk  (1 th7’(!C-

di711c7i<5i071al occ7111u71cy IILap 0/ t h e  ik77ain. T h i s  oc-
Cll]l(171C?/ II1(lJ)  iS thCll COlll~)(Ll”d  h a SilUila7  7/1(1.])  fl’()?ll

a  ]11’(!?li[)ll,?  I’obt ]miliml or’ a  global occup(LILcy ?Ibap

O f  [)LC  C71Vil”[)7t711C71t  that. h[LS  b(!(!ll  J)l’C?Ji{)lLSl~ (JC71W(ltd

‘IYLc  hi 7claii7)c]  )[)sitio7L /m11ucc71  thr 71Laps occowlilq

(.o  a  llav.sdoIfJ ?)lf’asurf! is dclcr?llz?icd  ll,$ill~  c~]icic7it

s(,aw:h  tcch71iqu(k9. ‘/hCSC tCCh712(/71[!S  {I11OVI 10 C(l/22(l~iOll

0/  7/lol)ilc  robots i71 7Latv701 1c7Y.(  1271  i!Lot. i,% whsl 1.0

7107?(:,  ( ? 7 ’ ( 1 1 ’ ,  S(!(’71C  (’l?l~k! l’, (1’/1[1 llli,Will~/ (1(11(1.

1 II]tro(ll]ctioll

I I I  lllis  l)aj)(:r,  WI(’ (“ollsi(l(:r  tll(: ])It)bl(,III of (lctL’I-
?I)illill[;  tll(’  l)ositioll”  of a Illol)il(:  lol)ot”  with I(:sl)(v[  to
:1 kllowll  fralll(’  of r(’f(!r(’ll(”(! l)j’ (’olll])ill’illp,  tll(’ 1:111~,(:
I[lil])  (’olll])llt(’[1  fl”olll  :1 St(!I’CC)  l)air o f  iIllil~(!S  tilli(’11  ilt

tllr rol)ot’s”  (wlr(v]t locatiol)”  to a  IalI[;(’ II Ia]) f)olll a
))wvious lo(at,  io]l”  01 to a coll)l)osit,(!]t~llf,(”  )Ilal)of tll(!
(,1)~’ilollltl(,llt  tll:lt lIas l)cmi  l)r(’vious]y  F,(v) (!rat(’(].

our Il)otjiva(iol]”  for stu(lyiIIf, tllisl)rol)l[!lll  i s  t(I ill-
(’1’(’;1s(’ tll(!  HutoIloIlly  o f  tll(! l{()(”ky  7 Llalsrov(’1” [19].
S(’( l:ir,urc  1 .  \f711il(~  tlt(: })osit,iml  of tll(: mwr  is  cOl I-
tilluously  u])(lat(:[i usill~, (l(::l(l-l’(!(’koll  illp, frmll  Wll(x:l
(: II(Y) (I(vs aII(l aII :Illr,(ll:lr-):it(!  s(,IIsOI,  WII(WI  slilq)ar,(’
:111(1  S(’11S01  (llift (,aus(;  aII :I(”(”(l ?ll[lliltioll  of (’1101  ill  t h i s
(~st,illl:)t(d  l)ositioll”  [IO].  I t  i s  t h u s  (lCSil’ill)l(!  to II?lv(’
il(l(liti  oIlal  II I(!a IIS f(n l)crio(lic  ally  k)cali~rillr,  tfl(:  rov(!l
to(”()))(cttllis  ;lc(tllt)~ll:it(  :(l(,rr()l.  l’l(:vio~lst(  :(”lllli(lll(’s
that lIa\’c  1)(wI us(:(l  to lo(alim  l{ocky  7 lIavc (.OII((vI-
tlat(!(l  011  il[lil~,il)r,  t,li(lo\’(:lflc)  I[l tll(:lall(l(’r  tllatwill
(.aIIy  t,ll(:  I(IVCI  to t,ll(:  hflars  surfac(:  [ 2 0 ] ,  wllicll  lir[lits
tll(’ol)(’I’:ll)  ](>l’:lllr,()()  ft)l(t rovmtoo”  sIIIal]  III”(’<I :II”(IUII(]

)’i~,lll(,  1 :  ‘1’11(,  lil)l’ky  7 Llill> T()\r(>l  ]11010(,  Y]I(’

tll(’ 1:111 (1( ’1. ‘lb crIa})l(I (qwI atioll of tllc rover at dis
tall(”(!s  f:lr flolll  Lll(’  l:lll(k!  l’, [lUtoIloJllo  US localization”
))1 ()(”(’(1111  ($ :11 (’ 11( ’( ’( ’SSill’~  :111( I w(’ collsid(:r tll(’ 11:+(!  of
st(, I(~()  vision  for this })101)1(’111  11(,1(:.

A  IIIaS( syst(vrl  lIas multly  t)(xll ilit(grat(d  irlto
l{()(ky 7 that allows (aIII(IIIg  ot,llc] OIWI tjtiolls) stmu)
l):lils to })( tak(v]  fuoll)  a II(ip,llt  o f  tl~)l)loxi)ll:itcly  1.5
Ill[’t (’l s al)()\’(’  tll(! $’,lO1lll  [1, ill ad(litioll  t o  tll(: s1.(ws()
l)ails  that,  aI c tak(!il  frolll  tfl(: llavi~,atioll  C: III ICI a s  a
f(w ((rltiltl(:t(ls  :Il)ov( tlir  [; I(NIIId, S(:(  l’i~,urc 2. ~11(11
st(w:()  I)airs  ;Illow  tll(,  ~,(:ll(:ratiml  of a raIIp,(’  111:11)  of tlic
irtllll((liat(:  SUI toulldirl~,s  of tll(:  rol)ot.  ” ‘j’l)(: l)wlllis(:
o f  t,l)is  uo)’k i s  that wc (aII ml)ust]y  (l(,t,(,~ll)ill(  tl)c
})ositioll”  o f  tllc  lol)ot,”  it) IItItural  to lain I)y collll)arill~,
tlI(’ I: III[;(’ TIIa I) col[]l)ut((l  at tllc ]ol)ot.’s k)cal l)ositi[)ll
wit,]l a l’illlr,(  Irla])  (!l]collll):lSSillF,  tll(! S:11[1(!  t(’11 ai~l  fol
wllicll  wc know t,ll(,  fr:illlc of r(’f(nx,tlc  (,.

\J’llil( 1)1 (wious  IV(H Ii lIas a l s o  cxl)lolcd  IIl[it(l]illp,
II I:I})S to 1)(’rfol  III lo(’ali~,at  io~l  ((:, ~,. [3, 4, G, 17]), 1)1(:-
vious  work lIas collsid(:)d  (:it]lcr II IaTI-IIIa(]C  cllviroll.
IIlc]lts aII(l/()) use(]  s(’a I(41 t(dlIli(lucs that m(luir((]  aII
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:111(1 it I Nluws  our al)ility to (l(~t(,rlllill(~  llcip,llt  cl IaII~,  (’s
ill tll(,  l)ositior)”  o f  tllc  Iol)ot,” I)llt i t  ill S()  ](’[111(’(!S tll(’

(“()]ll])(ltflti()ll  ti]ll( that i s  ](,(]uiml to ])(’I for]l)  lo(’al-

ixatio)l. l~illally,  w 1)(’If(JIIII  s]llootlliri?,  OII this tw~]
(Iill)crlsiollal ~,ri[l iIl sucl I a w:Iy t]lat I)irls  tflat w:lc II(I
n i t  I)y aIIy  IaIIF,(:  l)ixd  (c.?,. du(’ to s~)al  scIlrss  of tll(!
IaTI~,(  l)ix(ls)  aI (’ p,iv(v, valu(’s, lmt otll(’1 wis(:  (lo lIot
(x)lltl il)llt(: to tll(’ slllo(jtllill~,.

‘lo facil i tate:  lllatjclli~l~,  usillr,  a llaus(](mfl II ICaSNIC,
~vc  t] :Illsf(mlll  lliis t\{’()-(lilrl(!llsi()rl:]l  IIIaIJ illt(~  a tll  Ic t:-
(Iirll(vlsiollal  occIIlmII(”y  F,rid,  wltmc tllc 2-axis  i s  [lis-
CI (4 i~,(’(1  at, tllc  SaIIIC  scale a s  tlI(: 2- aII(l y axes. l“or
caclI  C(JUIIIII  ill tllc z-(lil(x”l,iml,  tl)c ce l l  ((n lcslmldillg
to tlI(, 11(’i~;lll  o f  tll( sorfa(’(,  at t h i s  lo(.at,i(nl is  sai(l  to

})(’  Of’(w))i(!d,  /111(1  tllc Otll[!rs al’(’ ‘f/n[)c(up2cd.

3 Nlatcllillg  rallgc  lna])s

OII(T tllc ()( ’( ’ul)all(’y  11121)  11:1s  IWcll  Colll])llt(’11 f o r
t}lc curl(vlt })ositiorl”  o f  tll(’  lol)ot,”  Jvc II(WI to fill(l  tllc
l)(st r(lati~c lxwitioll }jct}v(wl this IIIal  I aTI(l  a 111:11)

t h a t  W:IS roIIII)IILc(l  for a lllwi(ms  lmitioll  of tllc  rolmt,
(n a c(nlil)(wit(’  111:1])  that lIas IINLJI IIIacl[~  of tll(’  r[)t)(]t’s
(qmatil]g  (’Il\Jirc)Illli(’lit,  (jmsil)]y  lIII(IUF, II c(nl]l)illill~,
II Ial)s  tak(’11  frolll  tllc rolmt’s  ~]wvious locati(]lls).  W(
usc aII illl:ql,c  lti:ltcllillp,  t(dllli(lur  lms(~(]  011 t,ll(’  II:IUS
(kIIfl (Iistallw  [7].

3.1 ‘J’llc! II:iusdorfl”  distallcc!

}~oltlt’os(t  sofl)c)irlts,  A aII(l II, t}l(,(lil(:(tc(l  ]Iaus
(1(11(1  (Iis(all(.(’  fro~l) .4 to /; i s :



WI 1(, IC 1111 is aIIy  1101111. ‘1’llis  yi(’lds tfI( IIlnxilllllll]  (Iis
tllll(( of a l)(JiIIt  ill s(:t A froll) its II(x II(st  l)oi]it, ill s(t

/{. 111)1  illl;l{’,(  IImtcl)ilw,,  Jv(’ wish  to al](w at ](ws  L a
SIII: III ft:](tioll of (mtli(~m tlial  (lo IIot IIlatcll IY(I1l. \V(’
IIl:ly  t}llls 11s(’:

‘1’llis  (I(t(:]ll)ill(s t,l I(: IJaltial  llaus(l(II [I (Iistall((!  aTII(IIIfI,

III( k’ lmillts ill  A that  Iwst II Iat(lI ])oillts iTl /J (NK,

tlIIIS  all(w  IAI K  outli(:]s  ill tll( sot A). ‘1’l)is  II ICaSUI(I
is asytlllllctli(, as it (10(’s  IIot, co]lsi(l(’r IIOMI  w(I1l (’acl I
of tlI(’  l)(~i]lts  ill )) i s  fit I)Y .4. ‘1’l]is  allows ]not(hillf;
to })( IXrf(IIIII(Yl  a~,aillst,  a  l: IIF,C  111:1]),  WII(W tlI(: 111:1])

p,(’ii(vilt(’d  at, tll(: l(J(: II ml)ot IJositio)l”  is c(]ltt;]ill(:(l  :IS a
SII}NXJ1  of this  III:IIJ.

A  valiati(nl  011 tflis II I(:asu  I( i s  to (I(:t(!nllill(!  tfl(~
II):lxillmlll IIIIIIIIM!I  of~)oillts”  ill tll(’ 1(~(’ill Ill:]])  sucli  tllatj
tfl( II I(:nsuI(’ is lmlmv  a f,iv(:l)  (III(W t}lwsllol(l:

‘1’llis  f(n]lmlalioll  is oft,(ni  (!asi(’1’  to wOI k witfl, sillc(:  to
(ol]]l)ut(”  this II II II IlmI, w’(’ 11)11  St (Hl]~ C(NIIlt tll(!  1111  Ill~K’1

(If l)oi(lts ill ,4 tflat  ~I]atcll  sOIII(: l)oillt  l) u}) to tllc CIIOI,
h. \Vc thus  US(: tflis  f(w~l]ulati(nl  ill this wink.

3.2 S(!:lrchillg for illc! t)(!sl!  IIlat(!ll

\Vliil(.  ]Jl(wi(ms lIaIls(kn  ff Ill:ltcllill{’,  II)(tllo(ls  [7,  8,

12,  16] lIav( l)(xvI  a])~)li((l  to ltl:ltclli]l~,  ttvo (Iilll(:llsi(nlal
ill]:l~’,(  (xI[;(, II I:IIW, ~V(’ C:ITI  :iI)I)ly  css(71t  ially  tll(’ s~llll(’
t(xlllii(]u(s  to lll:lt(lli~l~,  tlll((’-(lill](’]]sioll:ll  ill)n~,(’ SIII -
fil(’(’ 1110])s.

I I I  this Ill(:tllo(l,  tll(:  slm((  of t,ll(:  l)(w+il)l(’  mlntiv(’
lxwiti[)lls })(tw(wl  tllc  III:IIJS i s  (Iis(mtiw(].  I’hl(’11  ()(-
cul)i((l  CCII ill t,llc IIIalM i s  1 (’l)ws(:llt,(’(1  })y tll(: sillgl(:
}loillt  at, tll(~  ((:lit(,l  of t}I(: c(,l I. Sill((:  w(’ s(:alcl I (w:]
(IIIly trallslatio)l  ill  t,ll(,  m aII(l  ?I-(lil(’(”tiolls,  aII oln’ious
(Iis(v (liY. ilti(Jll e x i s t s  su(ll tl];]t, (>i](,ll (Iis(wt(, ])ositio]l”
ali{;lls tlic  (wlt(’ls  of various ~,1 i(l c(’lls b(’tw’(’Jl tll~ t~~(j
111:1])s. ‘1’liis (Iis(v(tizat  io]l i s  F,uararltc(xl  to find  tllc
ol)tirllal soluti(nl i f  wc US(,  t,ll(:  /,1  01 /,[x, II(J]III ill (ml
IIlat(lli]lg  II I(Jasu  I(: wit,fl  aII (W(II, 6, tflat  is :111 il~t(~,lal
11111111)(:1  of l)ix(’ls.

\V( (xml(]  II(W (xalllill(,  (ad] l)ossil)k  l(latiir(  ~m
siti(nl  lwt,w(~cll t,ll(:  II I:IIM ill  t,llis  (lis(’l(:t,iy,~~tiolt  to d(:-
t(vlllill( wllicll  i s  ol)ti]llal,  I jut tl)is II I(:tlI()(l  woul(l  1)(’
(“oltll)(lt,:]tio]l;lll.y”  (:xlmlsivc, W( illst(:a(l US(J a Illulti-
wsolutic)ll s(:a IclI t,cclllli(ple t]]at,  lIas l)IOV(:II  useful  ill
ol)j(>(.t, w(w~,tlit,ioll  :111(1  (~xt,ra(t,i(nl  Of F,(’oltmtric  l)rillli-
tivcs  [2, 8, 12, 13, 16]. ‘III(: lmsic id(’a  is to c(nlsi(l(:l.  tfl(’
S)J:I(.C of })ossjl)lc  rdat,iv(, l)ositiolls  as ZI s(’t Of wcLilill-
(’a I (wIIs,,  C:ICII of wlliclt  cmws II IaIIy  posi t ions .  lt:lcll

(’(,11 is t(, St((l I(I (1(,  ((] l]]i]l(~ ivl](~tll(,l it (’01] 1(1 (,ofltiljll  /l

l)(lsitioll that SiltiSfi(’S  soIII( ]ll:it(llirl~;  (“lit(:li(ul.  If it, i s
(l(t(*l  Il)ifl((l  that tlI(’ ((II ca~lllot  (olltaill  sucl I a l)osi-
ti(lll, tll(ll  it is 1)11111(  (1. ()(11(1  wis(:,  tll(: ((II is (Iivi(l(d
into sul)(x:]ls  :111(1  tll(~ I)I(I((SS  i s  lclx,at(d  l(rulsiidy.
\\’11(’]1  II ((’II is 1( ’:1(11 ((1  tflat. (orlt:lirls (HIly /i sill~;l( 1)()
siti(]ll  ill tll( (Iiso(, tivati(ni,  tliis lx]siti(vl i s  tcst(’(1 (’x-
l,li(itly.  Note  tll;lt,  si),(c }+(’ al(! S(:( kill~; tfl(’  sill~,l(  1)(wL
I(lativ(’  l)(k+iti(~l!  })(’tw(:(’11  tfl(’  lllil})S,  0111 ~llat(.lli]lf;  (ti  -
t(’1 ion is :l(lil])ti\’(’. ‘J’11( (lit(’l  ion lwcoIII(Ss  st rict(:r a s
!V(I fill(l  l)ositio)ls  of iIl(m’asiTl~,  quality ill  tllc  s(’mclI.

‘1’11(:  k(:y to tflis ]tl(tll(](l of s(vII  (’llillp, tll(’  I)aI alll(,t(v
s1);I((’ is a (luick  11](’tllo(l  to cOIIS(V vat, iwly txst wll(:tll(:r
:1 (Y’11 (aII (x]llt.airl  a  lmitioIl  satisfyill{~  tll(’ Ill:ltclli]lp,
(lit(*l i(n). ‘1’11(’ t(, st (“:111  fail to III](, out a co]] tll:it. (I(xw
IIot, (“olltilill  Su(ll a })ositioll,” l)ut i t  SII(JUIC1  II(:V(’I  Iulc
ollt :1 (’(’11  tflat (lo(’h (’(lJlt aill  011(’. ‘1’() il(’(’(lllll)liSll  this,

w(’ (xall)ill(~  tll( (listnll(.c trallsfol  III [ 1 ,  1 4 ,  15] (If tflc
(1(, culwl I(.y 111:1})  f(ll t,llc  krl(m’11  f] alIIc of wf(~lcil(x:,

l“irst, tfl( OmIl)a II(”y IIIaI) is (lilat(xl by a 1)(Jx  c(:l  I-

tcl (xl at t II(L  01 i{;ill Ivitfl  2~ -1 1  l)ixcls (I I I  (’a(lI  (xlf,c’.
‘1’llis  (]iwlati(ni (VISUI  (!s tflat, caclI ((!11 witllill fi ill (:a(”lI
(Iil(’(kiml  o f  al I ()(rul)i(,(l (“(’11  ill tll(’ ol’ip,ill  ill  Illil])  i s
als(I  ()(,c(ll]i(xl,  Next,, a (Iista]l(  :(, t,rallsf(njl] of this II Ia}J
is ((]ll)l)ut(’(1. ‘J’llis (Iistallw  t, I alisfmll] II I(XISUICS tll(’
(Iistnrl(”c  frolll  (,acl I c(~]l  irl tll(~ 111:11)  to tllc  (“los(:st ()(n-
])i(:(l  cdl  tllnt Ii(’s ill  tll(: SaIII( llo]i7,()]ltal  ]J;III(:  (sill  ((’
w’ Sc:ll(ll  Oll]y ill x illl(l y), IN OV.’, a ])rol)(”  i]lto this
(list: ]])(.(’ t]flllsfo]lll  will yi(l(l  O if t,l I(, ((s11 is witllill  6 of
aII occul)i(j(l ccl] ill tllc Ilflclil;lt(,d  II Ial), aII(l otli(,l tvisc

yi(,l(ls  t}lr (Iis(all(x!  to tlj(’  (10s(’s(  occul)i((l  ((’II ill  tf](
(lililt(’(1  IIlil]),

(kJIISkk’1’  tllr s(l of (Iista]]c(s  tltat,  ar( ol)t,:lill((l l)y
l,lol)irl~,  tll(,  (Iistall(.(,  tl:lllsfc)ltll  ilt t,l]c l)ositi(nl of (:1(11
(If tll(’  ()(cul)i((l  ((11s  irl  (NII lo(.a] II Iaj) at, tll(’  cu[l(,]lt

]ol)ot”  })(witiol]  n(wl(lillp,  to sOIII(J ](:lativc  l)ositi(nl lw
t Iv((vl  tll(’ II I: I])S.  If this s(’t lIas  1( 74(v () Valu(w, tflmi
at 1(’ast  A’ ((’11s  ill tll(’  l(J[”ill  ]II;I])  :11( ~vitflill  (S (If (l(.-
cul)i(xl  (.cIIs ill  tllc’ l)wvi(ms II Iaj). otl I(,I wis(~, t,ll(~ Ktl I
la}~;(’st  valII(’ yields a I)(JIIII(I  (HI tfl(:  clos(wt  (Iistall(c  to
a II(witioll  that (YJIII(I  yi(l(l  K 7(’1()  va]u(vi  [ 7 ] .

\!)(: cal I usc tll(w  i(l(as  to f(nlllulat(’  alI (fli(’i(’~lt
t(st for :1 ((III ill tll( l)uralr)(lcr  SIMIC(:  ill  tflc foll(nv-
iljf; 111:11111  (,1  l,(t u s  S:ly tfl:lt tll(.  I)(St  IJositi(nl t,llilt

]Iils ]N’(’11  foUJl(]  SO fill yi(’l(]s  ]] (“(>l]s  ill di(! lo(al  IIIZI1)
that IIlat(ll  tllc  ~,l(Ilml  111:11)  u]) to t,llc all(w(xl  (, II(JI (i.(:.
1) I) I(Jlws il)t(]  tl)(:  (lista~lw  t] a]isforrll  f(n t,flis  ~msitio]l
yi(,l(l  7(’10).  ‘It) t cst a ((’11,  w fil st (kt(:]]ltilt(~  tfl(: (lis
(“t (’t(’ lNwit  ion C] OSCSL  t () t,fl(i (“( YIL(:I’  of tll(! }mI’aII  1(’tw
slm(x!  CCI1. \Vc t,llcrl  d(q(v  Irlill(:  t,ll(:  (Iistall(w  lwtw(wl
this ])ositio]l”  aII(l tllc ful tll(:st c(mI(n of tlic  ccl], 1)(:-
llllt(!  tftis (li Stil  Il(’(,  I)c. \\J(~  Ilo}v  })101)(!  tlic  (list. a~l(c



(a) (h) (c)

s[xx IIIIl sl(, Ic(I  ]Jai]  is il]~]ll oXillli!t(>l~ 2,() lrl(:t(>rs  fmwwrd.  ‘1’11(,  Iclalivc ]]ositi  o]] ll(,ll+’( :(,11 111(,  S(’(’ [111(1  all(l  third S[ (’1(,() hair  is

il])])I (JXilll:lt(>l~  ‘2.5  II IC1(:M f(]rwa] (l. SOIIIC rocks ]I:I\rC II(WI l~ld(d with 1(’tI(v~ ((I a.+ist  (lIC r(:ad(v  ill ][lakirlg  coJr(:s}J()]l(l(,]j(:(!s.
(a) IJ(f[ i]lli,p,(  of 11,(! firht sl(l(w ]Jili,.  (b) 1,(’f[  illlilp,C  O f  tll(’ S(x’(~lld stereo ])ilif (c) I ,(f( i],,a~,c (Jf tlic Ll,i,  d St(,co  ~,air.

tl:lllSrO1lll  at, the  lo(atio]ls”  of the local 111:11)  with IV

sI)(x.( to tllc I (~lat,ivc  ])ositioll”  at t,ll(:  c(:llt(n  of tll(:  ccl].
I f  tll(w ~JI (J}WS yidd  lCSS tlIa II 11 WIIU(X  tltat arc IIOt
[;r(~at(v  tlIa TI l)C, wc CaII ]) IUIIC  this cdl of tjll(: I)aI :1111-
(’t(:] Slm(x!,  sill((:  it callllot  yi(’1(1  a }]OsitioIl  a t  wllicll  11

c(,l Is iII t.11(, curmlt 111:1))  ]Iiatcl] wc(ll)i(~(l  calls ill tll(
))r(:vit]us  111:11)  II]) to aII (V I(JI of fi.

l~c)r aIIy (.(,11 tlIat,  callllot 1)( lnuII(d,  N’( (Iivid(, tlI(,
C(:ll  ill  I)otll T illl(l  y, :111(1 M’1)(’:lt  t,fl(!  ])ro(”(’ss  1’(’(’(11 siwly
(JII tII(, SIII)(X IIS. WI ICII wc I(J; ICI I a  (Y~ll tliat, (x)]lt,:]il]s
ii sitl[;l(,  ])ositioll”  ill tll(’  (lis(.  t(, ti~j(xl  lms(’  slm(.  (:, iv(’ t(:st
tl]is })(witi(jll  (Jxl)licitly. If tll( l)ositioll”  yicl(ls  III(n(
tlIa II 11 II IatclI (Y+, t.llcll  w: store this  ])ositioll”  as L}I( }J(wt

follll(l so f:!] , ill(”l(’ilS[!  11 t,() tll(: lI(>l\f  V:llU(,,  :111(1  c(n!tillu(:
tll(:  s(vII  (II. ‘1’llis  colltillu(:s  u)ltil  a l l  (If tll(:  CCIIS  lIav(:
1)((11  (X} I: II IS(((I, at, wlli(ll II(,illt  \v( :11(. ~,(lill’~lllt(>  (,(l to

]I; IV(’ f(mll(]  t.]]() ])OSt ](!]ilt iv( ])ositioll”  ~)ot,wr(’cIl  t ]1(: II I;I])S

il(”(”())’(lill~, to va~iarlt  (If t,ll(~ 1 I: IUS(l(J1  fl 111(:21.  SUI(, u’(’ II S(, .

4 lkslllt,  s

\V(L  llii\’(  t(st(:(l  tll(s(,  t(x.lllli(lll(,s  wit,])  ill)af,cs  tak(,ll
ill tll(’ ,11)1,  Mill S J’:)] (I] Ilsill[; (?ll]l(>ras  lllolll It(~(l 011 ;1

tri})(~(l  at :ll)l)l(~xilll:lt,(~ly  t,ll( ){()(ky  7 lrlast  lleir,llt. }~if\-
111(’  4  SIIOW,S  till Cx;llll])](,  t,(!st,  (,il S(> t,ll:lt si~rlulat(,s  :]])
l)l(milrlat,(,  foli+)ill  (1 IIlot,ioll”  of t]l(: ]OV(,l’.  ‘J’ll(! S(!COII(I

St,(,l  (,() ]);lil ill l,]lis  t(!st, (,:1S(! VJ:IS t,ak(,ll  il])])~OXiTl l?lt(’1~

2.0 IIl(t(rs  f(nwal(l  frmrl  tfl(: fil st st(:wo l)air. ‘J’11(’ t,llird
st,(~](~()  l)ail  W;IS t,:]k(,ll ;Il)l)]oxiltl:)t,(,ly  aII ad(litiolltil  2.5

II ICMs f(mw~il(l  frml] tll(: S(WII(l st,(vw }mir. hlOt(,, iIl

1 SCU  },ttl,: //zot,oiics,  j1,l ,nafia. gov/Laskn/8 cirover/ma,  ~ya, d

]):llti(wlnr,  tll(’ (Iifli(w]ty  of ]K:I for]itiIIF,  localizatiml  o f
tlI( tllir(l st(](() ])ail ill  t,(vills of tll( s[w~IId,  siIl(w  few
si?,liifica]lt  la 11(1 II IaY!is arc ]))(:s(:llt,  iTl l)otlI  ill]a:,(+.

OUI l(l(ali7.:ltio]l  t(x’lllli(lu(:s  liaw  yi(:l(ld  a(x.LII  :it(,
results  i~t  t]l($s(’  t,(ssls.  III this (!xa  II II)](!, t h e  estiIllat,(>(l
l)(~sitiol] (.l I: II Ip,(> ill 1,11(,  filst (,as(i  is 2.037  IIlct,(:rs fc)l-
wal(l  alI(l  tll(’  (wtilll:lt(:(l  l)(niit,iol]  (’llilll[\(> ill t,ll(: s((’ol  I(l
(.: Is(, 2,517  lrl(~t(,l s fo] waI(l, wlli(.11 aI(J (,l(m(: to t,fl(~  II I(~a

SIII(,(I  ])(witiolls  (If :I]j])]oxilrl;lt(,ly  2 , ( )  IIl(:t,(,rs  fo] u’or(]
aII[l ‘2.,!) II I(Jt(SIS fo)Iv:]r(l)  )(wl)c~(.tiv(~ly.

\Vllil(  tll( (III r(llt illl])l(]ll(llt~ltioll  of tl~(’s(,  t(,c]l

]Ii(lu(w  ltIIIS  (III  a wo)kst:ltio]l,” tll(’y  :11(’ l)l(wnt  l,y l)(!-
illp,  lNII  t((l to tll(~ 1{()(’ky  7  lIa I(lw:Iw for full tcstillt:,

‘1’11(:  U’olkstil(ioll”  ill)])l(,l[l(rltj:ltioIl  r(’quir(s  OIIly a f(, w
S(, (’011(1S to ])(’1  follll ill] of tll(,  (Y)lll])lltilt  ion, ill(.lu(lil[r,

V,$:lll)i?l{;  tll(, illlil[;(>S,  colll])utitl:, tll(, s((~l(~(l  1+111~,(~  111:1]),

(I(t(’]ll]i]]ill[l,  tll(’  p,rouII(l ])la IIC) l)uil(]illp,  tllv  o(YwpaII(y

It IiI]), co)il})llt ilip, LII(, (Iistall(.c t,] allsf(]l  I I I  of t,ll(:  IIIal)
ill tll(: kIIow’11  fl aIIIC  (If I(:f(wll(v,  aII(l  lmfmil]illl],  tl)(!
S(,  ill’(.11  f(]l tll(, 1)(S(,  l(!lat,  ive  })(Jsiti(]Il  I)(,tw’(!(,ll tll(’ 111:1  })S.

5 Sllllllnary

‘J’llis ])il])(’) lI;Is (.()] lsidcrc(l s(lf-lo(.:lli7i:]ticJ]l  t(’cll-
]Iiqu(:s f(n a  ]Ilol)il(,  Iolmt ill IIatrlla] t(~lIaill  t,ll)(mf,ll
tll(: usc (If st(,l  ((~ vision. ‘1’11(’  I olmt’s  }msitiml is (l(t(v-
IIlillc(l  l)y C(IIII1jaI  irl~; a  t(,ll ail) 111:11)  c(~lllput(!(l  at tll(~
lol)ot>s  (WI 1(’llt  lo(; ltioIl” to a t(,l lail]  II Ia]) iIl a liIIOWII

f] :11[1(! o f  ITf(’1(’1l  (’(’, \]](:  fiIst ~,(’11(’rat(:  a dcvIsc  ] :I]IF,(
III:)]) fl(~lll  St.(:l (x) ilrlil~,(!ly  ;111(1  t,ll(~Il l)IOC(:SS t,llis  (Iat,zl
to (.l(!at(.  :ITI ()(c(l));lII(.y  lIIal) of tll(, t,(,)l <Jill  sllrfacc.  ‘1’]1(1



.

.
1.)(s1  l(l:ltiv( l)ositio~l”  11(’tw(w)  tflis ()((ul):illcy  IIlil]) aTI(l
tfl( ()((uI)i  III(y II IaI) irl L}](: kTI(nv  Jt f] aIII(’ of rcf(v(lt (’c
i s  (l(~t(,ltllill(xl witfl r(xlmct  to a  IIausd(jrfi’ ]JI(+Isu](:,
wltic]l yi(:l(ls  rolmstll(:ss  to ]lois(~,  (’II(H) SCC]IC clutt(,r,
ilIl(l  lllissill~,  (Int:l. ‘1’11(:  OIJtilt)al  l)(mitio]l  is f(mlld  usili~,
a  s(’al  cl I Strat(’r,y  that  rwwrsiv(:]y  (Iivi(l  (’s :111(1  l)]rIII(x+
tl(c  SI1:IC(! of }mssil~k:  wlatiw  ~msiti(~))s.  All  illllm  ti~]lt

f(’iltll]  (’ (If this S(!alcll  Strat(’gy is that  it (all  dct(:]rt}illc
t}l(’ (~l)lilllfll  ~m+itiO1l  wit))out wquil ill{;  i~]l illitia] ($sti -

~ll:ltr’  of tllc  lmitioll  of 11](: rol)ot.”

‘1’11(’ ~lllt,ll(lt’  t,llillll(S  1101) IlillZllZ)lll ~11(1  1,211’Y
A4ilttlli(’S f(n iltsi{~,lltful  (Iisnlssimls  011 this t,()~)i(, ‘1’(J(l(I
1 ,itwilt dcvclqd the (alIIcIa Calil)rati(nl art(]  l)illO(w
lill S t ( ’ l ” ( ’ ( l  (’()(1(’.

‘1’11(  rmarclI (I(!s(ril)c(l  i)) t,llis  lMIWI w a s  carli((]
out  I)y tflc .1(!L  l’r(q}ulsiml  I almrat,m  y, (;alifw  ]Iia  lllsti-
Lut(’ of ‘lk(ll]lolo~,y,”  uiJ(k:r  a c(llltl ad with  tllc Nati(ula]
A(:I O1\~iutics  :111(1  ~IMc(’ A(hllillistl  ati(nl.
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